Restaurant workers may have the risk for occupational exposure to polycyclic aromatic hydrocarbons (PAHs) in cooking oil fume. Urinary malondialdehyde (MDA) and 1-hydroxypyrene (1-OHP) are biological markers of oxidative damage and PAHs metabolism, respectively. We investigated urinary MDA and 1-OHP for 314 non-smoker workers of Chinese restaurants, 175 kitchen workers, and 139 banquet workers. For kitchen workers, median MDA concentrationwas 304.6 µmol/mol creatinine, and the level was significantly higher than the banquet workers: 228.3 µmol/mol creatinine (p=0.019), respectively. There was a significantly positive correlation between individual urinary MDA concentrations and 1-OHP concentrations, after adjusting several potential confounders.
Introduction
Cooks are occupationally exposed to high concentrations of cooking oil fumes (COFs), which contain polycyclic aromatic hydrocarbons (PAHs), aromatic amines, nitro-polycyclic aromatic hydrocarbons (Chiang et al. 1997; Chiang et al.1998) , and aldehydes (Svendsen et al. 2002) . Several carcinogenic and mutagenic compounds have been identified in COFs and some investigations have also shown that cooks may have an increased risk of lung cancer (Coggon et al.1986 ). PAHs are formed and released into the environment when food is prepared by frying or grilling under high temperature. PAHs, such as benzo [a] pyrene (B[a]P) and dibenzo [a,h] anthracene, have been detected in COFs collected from heated rapeseed oil ) B[a]P is a pulmonary carcinogen (Iwagawa et al., 1989) . After metabolitic activation or biotransformation, B[a]P metabolites covalently bind to DNA and cause DNA damage (Guengerich, 1992; Shimada et al., 1992) . There have been indications of an increased mortality from respiratory diseases, such as asthma and emphysema in employees in hotel and restaurants (Borgan et al.1986 ).
Urinary 1-hydroxypyrene (1-OHP) has been used as a reliable biomarker of total environmental PAHs exposure (Kanoh et al. 1993; Jongeneelen 1997) . The relative content of pyrene compared to other PAHs is fairly constant in air samples from workplace and the metabolite can be detected in urine with high sensitivity. Many studies have reported that urinary 1-OHP is a good biological marker for monitoring the assessment of workers exposed to PAH carcinogens (Boogard and Sittert. 1995; Boogard and Sittert 1994; Feunekes et al. 1997; Wu et al. 2002) . A high correlation between urinary excretion of mutagens and urinary 1-OHP was reported (Spearman correlation r=0.93, n=12) (Jongeneelen et al. 1986 ).
PAHs are environmental oxidants. Oxidative stress, specifically lipid peroxidation, is believed to contribute to the pathophysiology of asthma. Some evidences suggest that oxidative stress results in inflammation and tissue damage in the respiratory system, and later in immune damage, and that those individuals with lowered cellular reducing capacity are at risk to develop asthma (Crapo 2003; Wood et al. 2003; Rahman 2003; Kongerud et al. 2003; Bowler and Crapo 2002; Mak et al. 2004 ). The oxidative catabolism of lipid membrane can be evaluated by several endpoints, including the measurement of exhaled alkanes, determination of isoprostanes and a variety of aldehydes in biological samples. The most widely used method is to evaluate the malondialdehyde (MDA). MDA is one of the stable aldehydic products of lipidperoxidation, present in biological samples, such as urine, hair or blood. Urinary lipid peroxidation products most probably reflect the global oxidative status of the whole body (Guichardant et al. 1994; Kosugui et al. 1994) .
Although the exposure to cooking oil fumes was linked with respiratory malignancy. There are unclear mechanisms of cardiovascular effects and respiratory non-malignant diseases for restaurant workers exposed to PAHs in COFs. Many studies have demonstrated that urinary 1-hydroxypyrene is an appropriate marker for PAHs exposure in different working environment (Angerer et al. 1992; Hansen et al. 1994; Jongeneelen et al. 1989; Jongeneelen 1992; Jongeneelen et al. 1988; Tolo et al. 1990 ). Restaurant workers, especially those working in kitchens, are at high risk for occupational exposure to PAHs in COFs ). There are limited data about the relationship between biomarkers of PAHs exposure and oxidative stress for restaurant workers. In the present study, we propose to evaluate the relationship between urinary 1-OHP, as a surrogate of PAH exposure, and MDA levels measured by high performance liquid chromatograph (HPLC), as a marker of oxidative stress, was examined in a population of
Materials and Methods

Study subjects
We studied 314 non-smoking restaurant workers who had been employed for at least 1 year among Chinese restaurants in the area of Taipei City and Taoyuan County in Taiwan.
Restaurant workers were identified through trade unions and Local Department of Health.
Between June and December of 2004, trained interviewers used a questionnaire to obtain subject's age, sex, height, weight, education level as well as habits regarding alcohol, betel chewing, vitamin intake, physical activity, type of job, and health condition.
In this study, subjects were classified as either kitchen workers (chefs, sous chefs, sauce chefs, executive chefs, assistant cooks) or banquet workers (administrative staff, waiters). During the annual physical examinations in 2004, a single urine sample was collected. The annual physical examinations were arranged during the work shifts. All workers were asked to wash their hands prior to urine collection to avoid environmental contamination. All urine samples were analyzed for 1-OHP and MDA by HPLC.
Urinary 1-OHP
All urine samples were analyzed for 1-OHP by HPLC A 10-ml urine specimen was first adjusted to pH 5.0 by adding a buffer solution of 1 N hydrochloric acid and 0.1 M acetate to obtain a final volume of 30 ml. Then, the sample was incubated for 24 h with 15 µl of glucoronidase-arylsulphatase (134,600 unit/ml, Sigma, Lot 97H3386) at 37 ± 0.5 °C in an electronically controlled rotary shaking bath (Hotech, Taipei, Taiwan, Shaker Bath Model 903).
A sample purification and enrichment cartridge, packed with C18 reversed-phase liquid chromatograph material (Waters, Milford, MA, USA, 500 mg/3 ml), was used to extract the metabolites. The flow rate of treated urine passing through the cartridge was 3 ml/min. The cartridge was washed with 10 ml of distilled water and 3 ml of 50% methanol. The final elution of 1-OHP was performed with 10 ml of methanol. The solution was evaporated to dryness and reconstituted with 2 ml of methanol. 
Urinary MDA
The malondialdehyde concentration in urine was measured by high-performance liquid chromatography (HPLC; JASCO Model 980-PU, Toyoko, Japan) with a C18 column and an ultraviolet-visible detector at 532 nm (JASCO UV-975, Toyoko, Japan). The mobile phase was methanol/potassium phosphate (9:11) buffer and the flow rate, 1.2 ml/min. The within-run and run-to-run precisions of MDA in urine were evaluated. The samples were analyzed for malondialdehyde by the thiobarbituric acid (TBA) reaction, with HPLC separation of the MDA (TBA) 2 adduct, using tetraethoxypropane (TEP) as the standard. A detection limit of 0.06 µg/L was obtained from 7 repeated analyses for deionic water and calculated the 3 times of standard deviation. Variation coefficients were below 10%.
Statistical Methods
The data are analyzed by using the SAS or SPSS statistical package. All p-values are twosided. We set the significant level, α=0.05. If the data is not normal distribution, we use the logtransformed to the normal distribution before regression analysis or other analyses. Student t and χ 2 statistics were used to compare urinary MDA and 1-OHP concentrations as well as other covariates between kitchen and banquet workers. The abnormal distributions of MDA and 1-OHP concentrations were described by median, mean, and range. Smoking status, alcohol consumption, betel chewing, the intake of vitamins and physical activity were also examined.
We categorized subjects as either taking or not taking one multiple vitamin pill at least once a week.
In multiple regression models, urinary MDA and 1-OHP concentrations were log 10 -transformed to normalize their distributions before regression analysis. First, the relationships between urinary 1-OHP concentrations and work site, and other covariates were examined.
Covariates included age, body mass index (BMI), education level, alcohol consumption, and vitamin intake. Subsequently, we investigated the relationship between urinary MDA and 1-OHP concentrations after adjusting for covariates, including age, BMI, educational level, alcohol consumption, intake of vitamins, and physical activity. All p-values are two-sided. Table 1 shows the demographic data of nonsmoker population in kitchen workers and banquet workers in Chinese type restaurants. The mean age of kitchen workers and banquet workers were 43.2 and 41.8 years old, respectively. There was only one male kitchen worker and one banquet worker with the habit of betel chewing. There were no significant differences for age, BMI, obesity, alcohol consumption, betel chewing, regular intake of vitamin, physical activity, and educational level between kitchen workers (n=175) and banquet workers (n=139),
Results
respectively. There was significant difference for gender between kitchen workers and banquet workers (p=0.022).
Using log 10 -transformed 1-OHP as the dependent variable for male restaurant workers in regression model, we found the work site was the major predictor with the adjustment for other covariates (Table 3 ). The male kitchen workers had a 3.24-fold higher (10 0.51 =3.24, P = 0.004) mean urinary 1-OHP concentration than male banquet workers after controlling for age, BMI, education level, alcohol consumption, intake of vitamin, and physical activity. As for female restaurant workers in regression model, we found the work site was not the major predictor for 1-OHP with the adjustment for other covariates.
Multiple regression analysis found that urinary excretion of 1-OHP and age were the major predictors of MDA in urine after controlling for sex, BMI, education level, alcohol consumption, intake of vitamin, and physical activity A 10-fold increase in urinary 1-OHP was associated with a 1.20-fold increase in urinary MDA (10 0.08 =1.2) ( Table 4) . Excluding the 1-OHP variable, we also investigated the effect of work site on urinary MDA concentration. We found that work site was the other major predictor of MDA after controlling for other covariates. The kitchen workers had a 1.23-fold higher (10 0.09. =1.23, P = 0.036) mean urinary MDA concentration than banquet workers after controlling for other covariates (Table 4) . On the other hand, multiple regression analysis found that work site, urinary excretion of 1-OHP and age were the major predictors of MDA in urine after controlling for sex, BMI, education level, alcohol consumption, intake of vitamin, and physical activity (Table 4) .
Discussion
This study used MDA in urine, which may suggest evidence of an index of oxidative damage, and urinary 1-OHP, a biomarker of PAH exposure to study the effect of PAH in COFs on oxidative stress in Chinese restaurants. We found that male kitchen workers, compared with male banquet workers, had significantly higher urinary excretion of 1-OHP. However, the significant finding did not find among the female workers. One explanation is: In the Chinese tradition, women need to cook at home, where was another potential source of PAH exposure, but men do not need to cook at home. Taiwanese women spend about 1-2 h every day in the kitchen preparing meals. Chinese type cooking involves stir-frying or deep-frying food in oil or preheating oil prior to addition of food. About 25 to 100 mL of edible oil are preheated to appromimately 280 , which results in production of cooking oil fume (Tung et al. 2001) Exposure to cooking oil fume has been demonstrated to be linked with high incidence of lung cancer in Chinese women, including those in Taiwan, in several epidemiological studies.
Investigation of PAHs in COFs have found the high concentration of carcinogens, such as benzo(a)pyrene, dibenzo(a,h)anthracene might help explain why Chinese women, who spend more time exposed to cooking oil fume than men, have a high incidence of pulmonary adenocarcinoma 5 .
Many factors such as age, smoking status, alcohol consumption, and body mass index (BMI)
are associated with excretion of urinary 1-OHP (Mclean et al 2004; Wu et al. 1998; Mielynska et al. 1997; Zhang et al. 2001 ) However, in this study we chose the nonsmokers as the subjects and did not find that age, alcohol consumption, and BMI significantly correlated with excretion of urinary 1-OHP.
COFs contain carcinogenic PAHs, such as benzo(a)pyrene. The free radicals formed during the biotransformation of benzo(a)pyrene can damage DNA. The lung is an organ strongly affected by free radical products. Oxygen free radicals and other toxic products, formed by the lung cells themselves and by activated inflammatory cells, may possibly contribute to the hyperoxidant damage (Martinez-Cayuela 1995) . Lipid peroxidation occurs as a chain reaction initiated by free radicals, which propagates itself and can result in the formation of many equivalents of lipid peroxides. This process has been involved in different pathological conditions, including cancer (Haliwell 1984; Haliwell and Gutteridge 1984) and non-cancer chronic diseases, such as atherosclerosis (Ledwozyw et al. 1986 ), aging (Pryor 1985) , rheumatoid arthritis (Humad et al. 1985) , diabetes mellitus (Nishigake et al. 1981 ). Due to its high sensitivity, measurement of malondialdehyde (MDA), an indicator of the extent of tissue damage, has been used extensively to assess the extent of lipid peroxidation under a variety of pathological conditions (Li and Chow 1994; Londero and Greco 1996) .
The present study indicates that male kitchen workers are more exposed to PAH than male banquet workers. Male kitchen workers had higher urinary concentration of 1-hydroxypyrene, and malondialdehyde than male banquet workers, respectively. We found a positive correlation for individual urinary excretion levels of MDA and 1-OHP after adjustment of other confounders.
We also found a positive correlation for individual urinary excretion levels of MDA and work site after adjustment of other confounders. Urinary 1-OHP is a biomarker of PAHs exposure.
Similarly, urinary MDA is regarded as a lipid peroxidation marker caused by chemical carcinogen, and endogenous processes. It revealed that kitchen workers were much more risky to oxidative stress than banquet workers. Age was the other major predictor of MDA in urine after controlling for other potential confounders. This may possibly because older individuals have higher metabolic rates than those who are younger. Multiple regression analysis found that work site, urinary excretion of 1-OHP and age were the major predictors of MDA in urine after controlling for sex, BMI, education level, alcohol consumption, intake of vitamin, and physical activity. It indicated that elder kitchen workers were high risk group for PAHs exposure and oxidative damage.
We found, after adjusting for 1-OHP, MDA concentration was still associated with work site.
This revealed that kitchen workers may not only be exposed to PAH, but also other hazard, such as particulate matter, aldehyde, aromatic amines, and nitro-polycyclic aromatic hydrocarbons.
For example, aldehydes have been considered mediators of oxidative stress-induced biological effects. Some evidences indicate that oxidative stress may play the role in the mechanisms of tumor promotion (Trush and Kensler, 1991) .
In conclusion, urinary 1-OHP and MDA are biomarkers for PAH exposure and lipid peroxidation, respectively. Higher individual 1-OHP levels were related to higher individual MDA levels, suggesting that there is an association between PAHs exposure and oxidative stress in restaurant workers. 
